Previous mutational analysis for BRCA gene mutations in sporadic ovarian cancer occurring in Chinese patients in Hong Kong identified six germline BRCA1 mutations and one germline BRCA2 mutation, six of which were novel (Khoo et al., 2000). Knowledge of BRCA gene mutations in the Chinese population is relatively scant. In this study, we focussed on whether any of these mutations could be recurrent in our Chinese population, making use of archival paraffin embedded tissue. A consecutive series of 214 ovarian cancer cases, half of Southern Chinese origin from Hong Kong whilst the other half of Northern Chinese origin from Beijing were used for the study. We identified one further novel mutation, 1081delG, in BRCA1. This was found to occur in two unrelated individuals with shared haplotype as revealed by allelotype analysis, thus demonstrating founder effect. Two other recurrent mutations were also identified, the 2371-2372delTG mutation in BRCA1 and the 3337C>T mutation in BRCA2 recurring in two and three unrelated individuals respectively, giving an overall prevalence 4.7% of recurrent BRCA mutations in ovarian cancer in the Southern Chinese population. Most importantly, all our recurrent mutation carriers were identified from Southern Chinese patients from Hong Kong whilst such mutations were absent in samples from the Northern Chinese. Our findings indicate possible heterogeneity in the BRCA genotype between Northern and Southern Chinese. The identification of a founder mutation and two recurrent mutations moreover, has important implications towards screening strategies for breast and ovarian cancer among Chinese of southern ancestral origin who are now dispersed throughout the world.
INTRODUCTION
Specific BRCA1 (MIM# 113705) founder mutations and recurrent mutations have been found which are apparently characteristic to particular ethnic origins, the most well known being those of the Askenazi Jews, Icelanders, Norwegians, Swedes, French Canadian and Dutch (Neuhausen, 1999) . Amongst the Asian population, the Japanese are the only ones who have identified a founder mutation (Inoue et al., 1995) . Knowledge of BRCA gene mutations in the Chinese population is relatively scant. The few reports of BRCA mutations in Chinese, are mostly in relation to breast cancer (Li et al., 1999; Tang et al., 1999; Sng et al., 2000) , including our report of somatic BRCA1 mutations in both breast and ovarian cancer (Khoo et al., 1999) , and a single BRCA1 mutation reported from Mongolia (Elit et al., 2001) . We recently identified a relatively high incidence of six (11.3%) germline BRCA1 mutations and one germline BRCA2 (MIM# 600185) mutation in an unselected series of ovarian cancer patients diagnosed in Chinese from Hong Kong . Six of these mutations are novel. Our findings contrasts with the 2 -6% incidence of germline BRCA1 mutations reported amongst the Caucasian population, in ovarian cancer unselected for age and family history (Matsushima et al., 1995; Takahashi et al., 1995; Stratton et al., 1997; Janezic et al., 1999) . Although Moslehi R et al 2000 had found a high incidence rate of 41.3% BRCA1 mutations in unselected ovarian cancer cases in the Jewish population, all but one of these mutations were of the three well known founder mutations characteristic of Askenazie Jews. Our 11.3% relatively high incidence of BRCA1 mutations previously detected from screening just 53 cases from our Chinese population suggested it needed confirmation from further screening a larger series of cases and particularly whether possible recurrent or founder mutations may exist in our population.
Screening the entire length for both BRCA1 and BRCA2 genes on a large number of cases to verify our high incidence is costly and also requires availability of frozen tissue or blood samples. We therefore focused our investigation specifically to find out whether any of our six novel BRCA mutations could be recurrent or characteristic to sporadic ovarian cancer in the Chinese population. Heteroduplex and SSCP analysis were used for this study. Moreover, we selected two geographically distinct population samples of Chinese in our study -that of Northern Chinese from Beijing and Southern Chinese from Hong Kong. Apart from the single BRCA1 mutation reported from Mongolia, there is to date no know publication of BRCA mutations from the Northern Chinese population.
MATERIALS AND METHODS

Samples
Cases of primary epithelial ovarian carcinomas diagnosed between the years 1986-1998 were retrieved from the files of the Departments of Pathology, Queen Mary Hospital, Hong Kong; Pamela Youde Nethersole Hospital, Hong Kong; Beijing Medical University, Beijing; and the PLA Hospital, Beijing. Histology of all cases was reviewed. There were a total of 106 consecutive cases from Hong Kong and 108 consecutive cases from Beijing. After deparaffinization, DNA was extracted from representative tissue blocks by standard procedures.
PCR reaction
Specific BRCA1 and BRCA2 coding regions, ranging from 112-170 bp length, were amplified by polymerase chain reaction (PCR). The PCR reaction was carried out in a total volume of 30 µl containing 10mM Tris-HCl (pH 8.3), 50 mM KCl, 1.0 mM MgCl 2 , 0.10% gelatin, 200 µM of each dNTP, 200 nmol of each forward and reverse primers, 2.5 units of AmpliTaq DNA polymerase and 0.1-0.2µg of nucleic acids. Amplification consisted of 35 cycles each of 30 sec at 94°C, 30 sec at 55°C and 120 sec at 72°C. The primer pairs were designed to screen for the mutations 1080delT, 2371-2372delTG, 3976-3979delGTGA, 633C>T, IVS 22+7 A>G in BRCA1 and 3337C>T in BRCA2.
Heteroduplex analysis
Heteroduplex analysis was used to screen for the deletion mutations and performed according to previously described protocols (Ozcelik et al., 1996; Ozcelik et al., 1997) . A sample of the PCR product is mixed with an equal volume of PCR product from normal control DNA and electrophoresis loading buffer (15% sucrose + 0.05% xylene cyanol + 0.05% bromophenol blue). Heteroduplex formation is carried out by denaturing the mixture for 5 min at 94 0 C and cooling slowly to room temperature. The samples were then subjected to electrophoresis, on 12% polyacrylamide gels or MDE gels, at 60 -80V for 18 h.
SSCP analysis
Multiplex SSCP was used to screen for BRCA1 and BRCA2 mutations IVS 22+7 A>G and 3337C>T respectively, whilst a separate SSCP gel was used to screen for the BRCA1 633C>T mutation. For the multiplex SSCP, 3µl of each of the two PCR products and 6µl of loading dye were mixed together. The mixture was heated at 94 0 C for 8 minutes and then was snap cooled on ice. A total of 12µl of the mixture was then subjected to electrophoresis on a 12% (29:1) polyacrylamide gel with the 0.5xTBE as buffer, at 4 0 C for 3.5W for 21 hours. Samples screened for mutation C633T were subjected to electrophoresis at constant 350V for 6.25 hours. After electrophoresis, a fluorescent nuclei acid gel stain, SYBR Gold, (Molecular Probes, Eugene, OR.) was used to visualize the DNA. Staining was performed for 2 times for 10 minutes each time using 20m and 10 ml of 1 x SYBR gold in 1xTBE respectively. DNA was visualized by exposure to UV light.
DNA sequence analysis and allelotyping
For those samples forming heteroduplex bands or SSCP band shifts, genomic DNA was further extracted from the patient's tumor and non-tumor tissue and further analyzed together by direct sequencing of both strands using the dRhodamine Terminator Cycle Sequencing kit on an ABI PRISM 377 Automated DNA Sequencer (Applied Biosystems, Foster City, CA). Tumor samples from each of the recurrent BRCA1 mutations identified were analyzed for allelic association using four different highly polymorphic microsatellite markers located on chromosome 17q, D17S1322, D17S855, D17S1185 and D17S1325, the former two intragenic to BRCA1 and the latter two flanking the BRCA1 gene (Figure 1) . The cases harboring the recurrent BRCA2 mutation were analyzed using microsatellite markers, D13S260 and D13S267 flanking the centromeric and telomeric ends of the BRCA2 gene respectively. PCR products with fluorescent dye labeled primer were mixed with loading dye which contains fluorescent labeled internal size marker. The mixture was subjected to electrophoreseis on an ABI PRISM 377 Automated DNA Sequencer (Applied Biosystems, Foster City, CA) and the data generated analyzed by the GeneScan and Genotyper (Version 3.1) software provided by the sequencer supplier.
RESULTS AND DISCUSSION
Screening for the three BRCA1 deletion mutations (1080delT, 2371-2372delTG and 3976-3979delGTGA) by heteroduplex analysis identified sequence alterations in three cases. One was a recurrent 2371-2372delTG frameshift mutation. Whilst no additional 1080delT mutation or 3976-3979delGTGA mutation were detected, a novel frame-shift mutation, 1081delG, which causes a truncated product at codon 328, was identified in two further unrelated patients. SSCP analysis identified sequence alterations in two unrelated cases. Both were shown to be a BRCA2 recurrent non-sense mutation 3337C>T. No additional BRCA1 633C>T or IVS 22+7A>G mutations were detected.
All five cases were confirmed to harbor the mutations in the germline, on further PCR and DNA sequencing of non-tumor tissues. All recurrent mutations were of Southern Chinese origin from Hong Kong with none coming from Northern Chinese origin. The clinical characteristics of the recurrent BRCA1 mutation carriers (Table 2) show that each recurrent mutation appeared to be associated with a distinct phenotype, serous cysatadenocarcinoma for the cases with the 2371delTG mutation, and endometrioid adenocarcinoma for the cases with the 1081delG mutation. This however was not the case for the BRCA2 recurrent mutation. Similar to our observations reporting our novel BRCA1 mutations in our previous paper , our recurrent BRCA1 mutations are also noted to be located at the 5' region of the gene, which is concurrent with the reported connection between the risk of ovarian cancer and mutations in the 5' two thirds of the gene (Gayther et al., 1995) Haplotype analysis of patients with recurrent mutation showed that in the two cases (H64 and H121) with the recurrent mutation 1081delG, shared haplotype was seen for all four markers. The haplotype 5-2-4-10, at loci D17S1185, D17S855, D17S1322 and D17S1325 was common for both cases (Table 1b) . Patient H121 developed endometriod adenocarcinoma of the ovary at the age of 39. She had a maternal cousin with ovarian carcinoma who was not available for genetic testing. Patient H64 did not have a family history of cancer and was aged 72 when she developed endometroid adenocarcinoma of the ovary. As members from both families were unfortunately unavailable for testing, reconstruction of disease haplotype in the families was not possible. We however determined the frequencies of alleles of the four micro-satellite markers used in a further 75 Hong Kong Chinese known not to carry BRCA1 mutations. The frequency of the common alleles shared by our two cases compared with that of the Chinese population is shown (Table 1 ) and strongly supports the possibility that patients H121 and H64 share a common ancestral mutation. The cases with the recurrent BRCA1 mutation 2371-2372delTG showed no allelic association. Our three cases carrying the recurrent BRCA2 mutation 3337C>T, showed sharing of some alleles, suggesting some degree of shared ancestry but not sufficient to demonstrate founder effect. and 1996. Allele size and heterozygosity data are taken from the Genome Database (GDB) http://www.gdb.org/).
Heterozygosity values calculated from the normal Chinese population are also given. Cen = centromeric end; tel = telomeric end. None *These two mutation carriers were identified in our previous study . # novel mutation in this article. F, father; MGM, maternal grandmother; C, maternal cousin.
The clinical characteristics of the recurrent BRCA1 and BRCA2 mutations show that the new founder mutation seems to be related to endometriod adenocarcinoma whilst the other recurrent mutations appear to exhibit another distinct phenotype. However more recurrent cases need to be identified to confirm this association. It is of interest to note that for all the recurrent mutations and new founder mutation identified, breast cancer was not involved in any of the carriers nor in their families. This may be related to the relatively lower incidence of breast cancer in the Chinese population in comparison with that of Caucasians. The age standardized incidence rates of breast cancer in the United States of America and the United Kingdom, range from 90.7-67.9 per 100,000 respectively. In contrast, the incidence of breast cancer reported amongst the Chinese population is 34.0 and 24.6 per 100,000 from Hong Kong (Southern Chinese) and Tianjin (Northern Chinese) respectively (Parkin et al., 1997) . The lack of strong family history in this current study as well as that in our previous report (Khoo US et al., 2000) suggests that our mutations identified, which are apparently unique to Southern Chinese are probably of low penetrance.
Whilst BRCA1 and BRCA2 mutations have largely been reported to be scattered throughout the whole gene, there are an increasing number of reports of the presence of recurrent mutations peculiar of populations of difference ethnic or geographic origin. These differences may be partly due to founder mutations, which presumably arose in a single ancestor of a specific ethnic group initially established by a small number of people which later expanded (Neuhausen, 1999) . Founder effects are most prominent in isolated populations that undergo rapid expansion from a limited number of ancestors. Historically, China had been largely in isolation from the rest of the world for a few centuries. In fact, a founder mutation in the hMLH1 gene has just recently been reported in the Hong Kong Chinese population (Chan et al., 2001) . Our characterization of a BRCA1 founder mutation with a possible distinct phenotype of Southern Chinese origin and our overall prevalence 4.7% of recurrent BRCA mutations in ovarian cancer in is of importance towards assisting BRCA screening strategies in our region.
Important also is our finding of recurrent BRCA mutations identified only in the patients from Hong Kong and not from Beijing. The Chinese population in Hong Kong, which is Cantonese speaking, consists predominantly of immigrants from the southern provinces of China, namely Guangzhou, in contrast with the population from Beijing in Northern China. This observation supports previous publications suggesting Southern Chinese have distinctive genetic characteristics from that of the Northern Chinese. Studies on glucose-6-phosphate dehydrogenase deficiency, Thalassemia and debrisoquin hydroxylation phenotype have reported the finding of genetic variation amongst Chinese subjects from different regions (Wang et al., 1993; Tang et al., 1992; Tang et al., 1993; Liu et al., 1997) . Tang et al. 1999 have also identified a recurrent BRCA1 mutation 589-590delCT related to early onset breast cancer in 3 unrelated patients of Southern Chinese origin. No other recurrent BRCA mutations have hitherto been reported amongst the Chinese.
Our discovery of a founder mutation and three other recurrent BRCA mutations unique to Southern Chinese have important implications towards genetic testing for BRCA and clinical management in Chinese of southern origin who are now dispersed all over the world.
